People with diabetes have substantially higher rates of lower-extremity gangrene and/or amputation (LEG/A) than members of the general population [1, 2] , although there is clear evidence that such a dire consequence of diabetes can in part be prevented [3, 4] . However, the full aetiology of diabetes related LEG/A remains unclear, therefore it is difficult to design interventions to further reduce risk. Ethnic differences in amputation rates have been observed [1, 2, 5, 6, 19] which could reflect true differences in pathophysiology but could also be a consequence of inequalities in access to health care; and the degree to which risk factors for amputation are common for Type I (insulin-dependent) and Type II (non-insulindependent) diabetes mellitus is not certain. Diabetologia (2001) 
The WHO Multinational Study of Vascular Disease in Diabetes (WHO MSVDD) offers a unique opportunity to examine the incidence of and risk factors for LEG/A in a number of ethnic and geographically distinct samples of patients with diabetes.
Subjects and methods
Methods of patient selection and examination for the WHO MSVDD have been described in detail [7, 8] and elsewhere in this supplement [9] . For this analysis the ten participating centres were divided into four geographic or ethnic groups: European, including London, Switzerland, Berlin, Warsaw and Zagreb; East Asian including Hong Kong and Tokyo; American Indian including Oklahoma and Arizona; and Havana.
At the baseline examination, carried out between 1975 and 1977, participants completed a questionnaire which included items on medical history and health-related behaviours. LEG/A was ascertained by questionnaire and examination and was defined as a past history of ischaemic gangrene, or an amputation of toe, foot or leg for arterial obstruction at both baseline and follow-up. The methods of assessing baseline cardiovascular risk factors are described elsewhere [9, 10] . Retinopathy and ECG abnormalities were dichotomised for analysis, i. e. none versus any retinopathy, and no CHD versus any CHD on Minnesota-coded ECGs.
A follow-up morbidity examination was carried out starting in 1983. Incidence of lower-extremity gangrene or amputation was ascertained using information obtained from questionnaires completed at this reexamination or by review of the medical record if the patient could not attend. The date of amputation was also recorded.
Details on the mortality follow-up have been provided [11] , and life or death status ascertainment was at least 95 % complete in these centres. Patients were followed-up for this analysis until 1 st January 1988.
Statistical analysis. Differences between means and proportions were examined using Students t-test and the Chi-square test respectively. Incidence rates were estimated as the number of first LEG/A per 1000 person-years of follow-up, based on all patients who were free of LEG/A at baseline. Earlier presentations from the WHO MSVDD showed large between-centre differences in the prevalence of amputation at baseline [8] .
Thus to justify our definition of geographic region, centre and type of diabetes, specific incidence rates were calculated in the first instance. Although numbers were small, between-centre differences indicated that our geographic groupings were appropriate. Amputation risk was consistently higher in men than in women in all subgroups and was strongly related to the duration of diabetes in Type II diabetic patients. As sex distribution and duration of diabetes differed by geographic region, amputation rates were adjusted for these variables using Poisson regression to enable between-region comparisons.
Relative risks for potential risk factors were also calculated using Poisson regression techniques. Standardised estimates for relative risks (SRRs) were calculated as the relative risk associated with a one standard deviation change in continuous variables; this ensures that relative risks for continuous variables are directly comparable. Poisson regression techniques were used to compare relative risks for LEG/A between Europeans and Native Americans and to make adjustment for confounders. Due to the skewness of their distributions, the log transformations of serum triglyceride and plasma glucose were used throughout the analyses. A p value of less than 0.05 was considered statistically significant.
Results
At baseline 4743 patients were examined. Of these 95 had had an amputation and data were missing on 91. Of the remaining 4557, 3443 attended the followup visit and provided complete information as to whether they had had an LEG/A in the intervening period. Those who did not attend for a follow-up visit were in general older, had longer duration of diabetes, had poorer glycaemic control, had a more adverse cardiovascular risk factor profile and were more likely to have microvascular complications at baseline than those who did attend for follow-up. There were clear differences in age and duration of diabetes at baseline, with patients from Havana having the longest duration of diabetes, but also being the youngest (Tables 1, 2). In both Type I and Type II diabetic patients, body mass index was highest in American Indians and lowest in East Asians. Triglyceride concentrations were higher in American Indians than Europeans, and American Indians were more likely to have ever smoked. Correspondingly, ECG abnormalities compatible with CHD were more commonly observed in American Indians [9] .
Over the average follow-up of 8.9 years LEG/A incidence rates varied considerably by type of diabetes and geographical region (Tables 1, 2 ). In Type I diabetic patients, the highest rates were observed in American Indians, 31.0 per 1000 person years, compared with the East Asian rate of just 1.0 per 1000 person years. Similarly, the highest amputation rate in Type II diabetic patients was also in American Indians, 9.7 per 1000 person years. In East Asians the rate was 0.7 per 1000 person years. Sufficient numbers to examine risk factor associations within diabetes type and geographical region were only available for Europeans with Type I diabetes and Europeans and American Indians with Type II diabetes.
For European Type I diabetic patients, after adjusting for duration, factors associated with LEG/A incidence were: BMI, presence of retinopathy and ECG changes suggestive of CHD (Table 3) . Although numbers were small and results not statistically significant, there was an indication that the risk of amputation was positively related to triglyceride concentrations. For Type II diabetic patients after adjusting for duration of diabetes, baseline risk factors found to be associated with LEG/A incidence were, for the Europeans, serum triglyceride, plasma glucose, proteinuria and retinopathy. For American Indians, factors associated with risk of amputation were: cholesterol, serum triglyceride, plasma glucose and retinopathy (Table 4 ). Although amputation rates were higher in those with ischaemic ECG changes compared to those without, these differences did not achieve significance in either geographical region.
The relative risks for amputation were over eight and three times greater in American Indians compared with Europeans in Type I (8.63, 95 % CI 3.50, 21.29) and Type II diabetic (3.87, 95 % CI 2.64, 5.67) patients respectively (adjusted for age, diabetes duration and sex). Table 5 shows the effect of proposed risk factors on this relative risk. To ensure that models are comparable, only those with complete data on all potential confounders were included in this analysis; thus the basic relative risks for comparison differ from those given above. Out of 718 potential Type I diabetic patients with complete data on age, sex, and diabetes duration, only 324 could be included in these analyses. Similarly, in Type II diabetic patients, out of 1789 potential patients, only 1017 could be included. However, a comparison of baseline risk factors for those with full data and those with data Mortality rates for those ascertained as amputees in 1983 were compared with patients examined in 1983 but without amputation, by geographical region. Although numbers were small, mortality rates were approximately doubled in those with amputation in 1983 compared with those without, but reflected the underlying mortality rate in that population (Table 6).
Discussion
The WHO MSVDD is one of the few studies to examine differences in amputation rate and risk factors by diabetes type and geographical region.
The main risk factors for amputation in Type I diabetic patients were other vascular complications, especially retinopathy and CHD. Much weaker associations were observed with serum cholesterol and triglyceride, and no associations with glucose or smoking. The high rate of amputation in the leanest Europeans (BMI < 21) was probably due to subclinical disease, resulting in a low BMI and high risk of complications and death [12] . These findings do not entirely accord with the Wisconsin Epidemiologic Study of Diabetic Retinopathy (WESDR), which showed that blood pressure and glycated haemoglobin were related to amputation risk, but that nephropathy or retinopathy were at most only weakly correlated [13] . The follow-up for the WESDR at 4 years was half that of our study. The ability of a continuous and mutable variable to predict risk attenuates with time, perhaps explaining the weak associations observed in the WHO MSVDD for cholesterol, triglyceride, blood pressure and glucose.
In Type II diabetic patients, key risk factors for amputation in Europeans and American Indians, apart from diabetes duration, were retinopathy, glucose and triglyceride. Proteinuria was related to amputation risk only in Europeans. These findings are in closer agreement with previous observations of United States or European white populations [13±15], and American Indians [2, 6] . In contrast to Type I diabetes, the closer association of diabetes duration rather than age with amputation, and the stronger association with glycaemia could reflect a greater pathogenetic role for hyperglycaemia, probably via neuropathy and peripheral vascular disease. The association of amputation with nephropathy and retinopathy, both related to glycaemic control, also suggests that hyperglycaemia is causally important in amputation. Associations with smoking have been absent or weak. This could result from the low prevalence of smoking in some populations [2] , the grouping of ex-smokers and current smokers [14] or the general misclassification bias associated with self-reports of smoking. Surprisingly, we showed very little association with prevalent CHD at baseline. Efforts to improve glycaemic control and general health care could be intensified as a consequence of CHD and thus result in a reduced risk of amputation. Furthermore, it is possible that the impact of smoking on vascular disease is overwhelmed by the more powerful metabolic risk factors. In Type I and Type II diabetic patients, American Indians had strikingly higher rates of amputation than Europeans. Some, but not all of the main risk factors were less favourable in American Indians, but even after adjustment, relative risks remained high. The increased risk in American Indians has been reported previously [2, 6] but this is the first time that direct, between-ethnic-group comparisons have been made. Rates were higher in Oklahoma Indians than in Pima Indians [6] and it was hypothesis- ed that routine examinations were more frequent in the Pima group, so that foot lesions were detected and treated earlier in the course of disease, avoiding the need for amputation. Amputation rates in diabetic Pimas however, are substantially higher than United States whites [16] . This could have resulted from differences in study populations, with the white group having a greater proportion of people without complications but also because of their quarterly frequency of re-examination, which reduces the risk of amputation. In the WHO MSVDD study, given that numbers were relatively small, there were no striking differences in risk factor associations for amputation in American Indians and Europeans. This again suggests that the pathogenesis of amputation is not different but that access to health care, by direct effects on the foot and by glycaemic control, could explain the ethnic differences observed. However, quality of health care might not be the full reason for ethnic differences in amputation rates. A comparison of diabetes in African Americans, Hispanics and non-Hispanic whites showed an equivalent amputation rate in the Hispanics and non-Hispanic whites, with higher rates only in the African Americans, even though the quality of health care is comparatively poorer for both African Americans and Hispanics than for non-Hispanic whites [5, 17] . High quality foot care can reduce the risk of amputation, by between 44 % and 85 % [18] and if the pathogenesis of amputation is similar for all ethnic groups, there are clear opportunities to reduce ethnic differences in diabetes related amputation. Mortality rates in those who had had an amputation were approximately twice as high in all ethnic or geographic groups than those who were not amputated. Others have also shown an increased mortality risk in diabetic amputees, ranging from a 1.5-fold to 7.0-fold increase in risk [2, 6] .
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There are several limitations of the WHO dataset for this analysis. Despite a reasonably large cohort, the numbers of amputee patients were relatively small. Patients with amputations due only to arterial disease were included, but because of the difficulty in differentiating neuropathic and arterial reasons for amputation, some misclassification could have occurred. Furthermore, we did not collect any data on neuropathy, we had limited data on vascular disease at baseline, and there were no data on chronic foot ulceration. These are important risk factors for LEG/A but in general, many of these are consequences of poor glycaemic control, on which we do have some data. We also did not have data on access to or quality of health care, again an important determinant of amputation risk. Only those patients who had complete data at baseline and follow-up could be included in these analyses, which could have resulted in important biases. However, a baseline comparison of those who were with those who were not included in these analyses indicates that risk factor profiles were worse and mortality rates were higher in those who were not included in these analyses. It is likely that non-attendees had higher amputation rates and poorer survival than followup patients. Thus calculated incidence rates and risk factor associations are probably underestimated. Despite these limitations, this is one of the largest cohort studies to examine diabetes-related LEG/A and has the added advantage of comparing differences by diabetes type and geographical region in a single study. Our findings confirm many of those from other studies, with additional information on N. Chaturvedi et al.: Risks of amputation in diabetes S 70 the reasons for between-region variations in incidence. We conclude that the risk of amputation in people with diabetes is related to other vascular complications, indicating a role for hyperglycaemia. But clear geographic differences in amputation risk cannot wholly be accounted for by existing risk factors. A clear candidate is access and quality of health care, which substantially influences amputation risk.
